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1. 

METHOD AND STRUCTURE FOR 
RECEIVING AMCRO DEVICE 

BACKGROUND 

1. Field 
The present invention relates to micro devices. More par 

ticularly embodiments of the present invention relate to a 
method and structure for receiving a micro device on a receiv 
ing Substrate. 

2. Background Information 
Integration and packaging issues are one of the main 

obstacles for the commercialization of micro devices such as 
radio frequency (RF) microelectromechanical systems 
(MEMS) microswitches, light-emitting diode (LED) display 
and lighting systems, MEMS, or quartz-based oscillators. 

Traditional technologies for transferring of devices include 
transfer by wafer bonding from a transfer wafer to a receiving 
wafer. One such implementation is “direct printing involv 
ing one bonding step of an array of devices from a transfer 
wafer to a receiving wafer, followed by removal of the trans 
fer wafer. Another such implementation is “transfer printing 
involving two bonding/de-bonding steps. In transfer printing 
a transfer wafer may pick up an array of devices from a donor 
wafer, and then bond the array of devices to a receiving wafer, 
followed by removal of the transfer wafer. Some printing 
process variations have been developed where a device can be 
selectively bonded and de-bonded during the transfer pro 
cess. In both traditional and variations of the direct printing 
and transfer printing technologies, the transfer wafer is de 
bonded from a device after bonding the device to the receiv 
ing wafer. In addition, the entire transfer wafer with the array 
of devices is involved in the transfer process. 

Other technologies for transferring of devices include 
transfer printing with elastomeric stamps. In one such imple 
mentation an array of elastomeric stamps with posts matching 
the pitch of devices on a source wafer are brought into inti 
mate contact with the surface of the devices on the source 
wafer and bonded with van der Walls interaction. The array of 
devices can then be picked up from the Source wafer, trans 
ferred to a receiving Substrate, and released onto the receiving 
substrate. 

SUMMARY OF THE INVENTION 

A method and structure for receiving a micro device on a 
receiving Substrate are described. In an embodiment, a struc 
ture includes a Substrate, a conductive layer on the Substrate, 
and a micro LED device on the conductive layer. The micro 
LED device includes a micro p-n diode, a metallization stack 
between the micro p-n diode and the conductive layer, and a 
quantum well layer within the micro p-n diode. A bonding 
layer may optionally be formed between the metallization 
stack and the conductive layer. For example, the bonding 
layer can be a material Such as indium, gold, silver, molyb 
denum, tin, aluminum, silicon, and alloys thereof. A thermo 
plastic or thermoset passivation layer laterally Surrounds the 
quantum well layer of the micro LED device. A second con 
ductive layer is formed on a top surface of the micro LED 
device. For example, the two conductive layers can be elec 
trodes Such as anode or cathode, or anode or cathode lines. A 
barrier layer can be formed on the second conductive layer, 
and a cover can be formed over the micro LED device. The 
cover may be conformal to a topography of the micro LED 
device or bearigid cover plate. A black matrix material can be 
formed around the micro LED device and underneath the 
COV. 
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2 
In an embodiment, the receiving Substrate is a lighting or 

display Substrate, and the structure can be configured to emit 
light from a top surface, through the Substrate and a bottom 
Surface, or both. In an embodiment, the passivation layer is 
transparent in the visible wavelength range, e.g. 380 nm-750 
nm. For example, benzocyclobutene (BCB) and epoxy are 
suitable transparent thermoset materials. The first and/or sec 
ond conductive layer may also be formed of a transparent 
material such as indium-tin-oxide (ITO) and poly(3,4-ethyl 
enedioxythiophene (PEDOT). The conductive layer(s) can 
also include nanoparticles Such as silver, gold, ITO and 
indium-zinc-oxide (IZO). In an embodiment, one of the con 
ductive layers is reflective to the visible wavelength range. 
For example, the second conductive layer may be reflective 
for a bottom emitting structure. Alternatively, or in addition, 
a layer reflective to the visible wavelength range can be 
formed over the micro LED device for a bottom emitting 
Structure. 

In an embodiment, the micro LED device is integrated into 
a pixel of a display substrate. For example, the micro LED 
device can be integrated into a subpixel of the pixel, where the 
conductive layer and second conductive layer are the anode 
and cathode, or vice-versa. A cover can be formed over the 
subpixel with a black matrix material around the micro LED 
device in the subpixel, and underneath the cover. In an 
embodiment, the micro LED device emits a primarily blue, 
red, or green light. An arrangement of red, blue, and green 
micro LED devices may be arranged in separate Subpixels of 
an RGB pixel. In an embodiment, the micro LED device is 
integrated into an active matrix pixel display in which each 
Subpixel includes working circuitry Such as a Switching tran 
sistor, driving transistor, and storage capacitor. For example, 
the Switching and driving transistors can be thin film transis 
tors. In an embodiment, the micro LED device is integrated 
into a passive matrix pixel display. 

In an embodiment, a method of transferring a micro device 
to a receiving Substrate includes picking up a micro deice 
from a carrier Substrate with a transfer head and placing the 
micro device on a conductive layer formed on the receiving 
Substrate by punching the micro device through a passivation 
layer covering the conductive layer. The micro device may be 
picked up from the carrier Substrate with a variety of manners, 
including applying a Voltage to the transfer head to generate 
an electrostatic pick up pressure on the micro device. The 
micro device is then released from the transfer head and the 
passivation layer is hardened so that the hardened passivation 
layer laterally surrounds the micro device. A variety of micro 
devices can be transferred in accordance with embodiments 
of the invention, Such as, a diode, LED, transistor, integrated 
circuit (IC), or microelectromechanical system (MEMS). In 
an embodiment, the micro device is a micro LED device 
including a microp-n diode, a metallization stack between the 
microp-n diode and the conductive layer, and a quantum well 
layer within the micro p-n diode where the hardened passi 
vation layer laterally surrounds the quantum well layer of the 
micro LED device. 

In an embodiment, the micro device is punched through a 
B-staged thermoset passivation layer which is then hardened 
by curing the B-staged thermoset passivation layer, for 
example by the application of heat or ultraviolet (UV) energy. 
The B-staged thermoset passivation layer may first beformed 
by directly applying the B-staged thermoset passivation layer, 
or first applying an A-staged thermoset passivation layer on 
the receiving Substrate and covering the conductive layer, 
followed by partially curing the A-staged thermoset passiva 
tion layer to form the B-staged thermoset passivation layer. 
The B-staged thermoset passivation layer may also be heated 
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during punch-through, which may allow the B-staged ther 
moset passivation layer to soften or flow to aid in the punch 
through. In an embodiment, the micro device is punched 
through a thermoplastic passivation layer heated above its 
glass transition temperature, followed by cooling below its 5 
glass transition temperature to harden the thermoplastic pas 
Sivation layer. For example, the thermoplastic passivation 
layer is heated to a temperature above the glass transition 
temperature but below the melting temperature of the ther 
moplastic passivation layer. 

In an embodiment, a second conductive layer may be 
formed over the micro device and passivation layer. For 
example, the second conductive layer can beformed by depo 
sition and etching a material Such as indium-tin-oxide (ITO) 
or indium-zinc-oxide (IZO). The second conductive layer can 
also be formed by inkjet printing a material Such as poly(3, 
4-ethylenedioxythiophene) (PEDOT) or a material contain 
ing nanoparticles Such as of silver, gold, ITO, and IZO nano 
particles. A barrier layer can be formed over the second 20 
conductive layer to protect against oxygen and moisture 
absorption, for example. Suitable deposition techniques 
include, but are not limited to, atomic layer deposition (ALD) 
and ion sputtering. 
The A-staged thermoset passivation layer can be deposited 25 

using a variety of Suitable techniques such as spin coating, 
screen printing, inkjet printing, dispending and spray coat 
ing, followed by the selective removal of a portion to expose 
an electrode line, for example by laser scribing or photoli 
thography. Alternatively, a patterned A-staged thermoset pas 
Sivation layer can be selectively applied so that the opening 
exposing the electrode line is included. 

In an embodiment, placing the micro device on the con 
ductive layer includes placing the micro device on a bonding 
layer formed on the conductive layer. For example, the bond 
ing layer may include a material Such as indium, gold, silver, 
molybdenum, tin, aluminum, silicon, and alloys thereof. The 
method may additionally include heating the structure to 
diffuse the bonding layer into the metal stack, or heating the 40 
structure to diffuse the bonding into a second bonding layer 
formed on the metal stack. Heating can be from a backside of 
the receiving substrate or from the transfer head, for example. 
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FIG. 1A is a cross-sectional side view illustration of a 
receiving Substrate in accordance with an embodiment of the 
invention. 

FIG. 1B is a cross-sectional side view illustration of a 50 
receiving Substrate in accordance with an embodiment of the 
invention. 

FIG. 2 is a cross-sectional side view illustration of a pat 
terned passivation layer on a receiving Substrate in accor 
dance with an embodiment of the invention. 55 

FIGS. 3A-3C are cross-sectional side view illustrations of 
an array of transfer heads picking up an array of micro LED 
devices from a carrier Substrate in accordance with an 
embodiment of the invention. 

FIG. 3D is a cross-sectional side view illustration of a 60 
transfer head holding a micro LED device over a receiving 
Substrate with a patterned passivation layer in accordance 
with an embodiment of the invention. 

FIG. 3E is a cross-sectional side view illustration of an 
array of transfer heads holding an array micro LED devices 65 
overa receiving Substrate with a patterned passivation layer in 
accordance with an embodiment of the invention. 

4 
FIG. 4A is a cross-sectional side view illustration of a 

micro LED device punched through a passivation layer on a 
receiving Substrate in accordance with an embodiment of the 
invention. 

FIG. 4B is a cross-sectional side view illustration of an 
array of micro LED devices punched through a passivation 
layer on a receiving Substrate in accordance with an embodi 
ment of the invention. 

FIG. 5 is a cross-sectional side view illustration of a con 
ductive layer and barrier layer formed over a micro LED 
device on a receiving Substrate in accordance with an embodi 
ment of the invention. 

FIG. 6 is a cross-sectional side view illustration of a cath 
odeline formed directly over a micro LED device on a receiv 
ing Substrate in accordance with an embodiment of the inven 
tion. 

FIG. 7 is a cross-sectional side view illustration of a cath 
ode line on a receiving Substrate in accordance with an 
embodiment of the invention. 

FIG. 8 is a cross-sectional side view illustration of cover 
layer formed over a micro LED device on a receiving sub 
strate in accordance with an embodiment of the invention. 
FIG.9 is a cross-sectional side view illustration of a reflec 

tive layer and cover layer formed over a micro LED device on 
a receiving Substrate in accordance with an embodiment of 
the invention. 

FIG.10 is a cross-sectional side view illustration of a black 
matrix layer and cover layer formed over a micro LED device 
on a receiving Substrate in accordance with an embodiment of 
the invention. 

FIGS. 11-12 are cross-sectional side view illustrations of 
attaching a cover plate over a micro LED device on a receiv 
ing Substrate in accordance with an embodiment of the inven 
tion. 

FIGS. 13-14A are cross-sectional side view illustrations of 
attaching a cover plate and black matrix over a micro LED 
device on a receiving Substrate in accordance with an embodi 
ment of the invention. 

FIG. 14B is a cross-sectional side view illustration of a 
cover plate and black matrix over an array of micro LED 
devices on a receiving Substrate in accordance with an 
embodiment of the invention. 

FIGS. 15-17 are schematic illustrations of passive matrix 
display layouts in accordance with embodiments of the inven 
tion. 

FIG. 18 is a circuit diagram of a passive matrix display in 
accordance with an embodiment of the invention. 

FIG. 19 is a schematic illustration of a subpixel in an active 
matrix display in accordance with embodiments of the inven 
tion. 

FIG.20 is a circuit diagram of a subpixel in an active matrix 
display in accordance with an embodiment of the invention. 

FIG. 21 is a circuit diagram of an active matrix display in 
accordance with an embodiment of the invention. 

FIG. 22 is a schematic illustration of a display device in 
accordance with an embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the present invention describe a method 
and structure for receiving a micro device oran array of micro 
devices such as micro light emitting diode (LED) devices on 
a receiving Substrate. For example, the receiving Substrate 
may be, but is not limited to, a display Substrate, a lighting 
Substrate, a Substrate with functional devices such as transis 
tors or integrated circuits (ICs), or a Substrate with metal 
redistribution lines. While embodiments of the present inven 
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tion are described with specific regard to micro LED devices 
comprising p-n diodes, it is to be appreciated that embodi 
ments of the invention are not so limited and that certain 
embodiments may also be applicable to other micro semicon 
ductor devices which are designed in Such a way so as to 
perform in a controlled fashion a predetermined electronic 
function (e.g. diode, transistor, integrated circuit) or photonic 
function (LED, laser). 

In various embodiments, description is made with refer 
ence to figures. However, certain embodiments may be prac 
ticed without one or more of these specific details, or in 
combination with other known methods and configurations. 
In the following description, numerous specific details are set 
forth, such as specific configurations, dimensions and pro 
cesses, etc., in order to provide a thorough understanding of 
the present invention. In other instances, well-known semi 
conductor processes and manufacturing techniques have not 
been described in particular detail in order to not unnecessar 
ily obscure the present invention. Reference throughout this 
specification to “one embodiment,” “an embodiment” or the 
like means that a particular feature, structure, configuration, 
or characteristic described in connection with the embodi 
ment is included in at least one embodiment of the invention. 
Thus, the appearances of the phrase “in one embodiment,” “in 
an embodiment” or the like in various places throughout this 
specification are not necessarily referring to the same 
embodiment of the invention. Furthermore, the particular 
features, structures, configurations, or characteristics may be 
combined in any suitable manner in one or more embodi 
mentS. 

The terms “spanning,” “over,” “to,” “between” and “on” as 
used herein may refer to a relative position of one layer with 
respect to other layers. One layer “spanning,” “over or “on” 
another layer or bonded “to another layer may be directly in 
contact with the other layer or may have one or more inter 
vening layers. One layer “between layers may be directly in 
contact with the layers or may have one or more intervening 
layers. 
The terms “micro device, “micro’ p-n diode or “micro' 

LED device as used herein may refer to the descriptive size of 
certain devices or structures in accordance with embodiments 
of the invention. As used herein, the terms “micro’ devices or 
structures are meant to refer to the scale of 1 to 100 um. 
However, it is to be appreciated that embodiments of the 
present invention are not necessarily so limited, and that 
certain aspects of the embodiments may be applicable to 
larger, and possibly smaller size scales. 

In one aspect, embodiments of the invention describe a 
manner for mass transfer of an array of pre-fabricated micro 
devices with an array of transfer heads. For example, the 
pre-fabricated micro devices may have a specific functional 
ity Such as, but not limited to, a LED for light-emission, 
silicon IC for logic and memory, and gallium arsenide (GaAs) 
circuits for radio frequency (RF) communications. In some 
embodiments, arrays of micro LED devices which are poised 
for pickup are described as having a 10 um by 10um pitch, or 
5um by 5 um pitch. At these densities a 6 inch substrate, for 
example, can accommodate approximately 165 million micro 
LED devices with a 10 um by 10 um pitch, or approximately 
660 million micro LED devices with a 5um by 5 um pitch. A 
transfer tool including an array of transfer heads matching an 
integer multiple of the pitch of the corresponding array of 
micro LED devices can be used to pick up and transfer the 
array of micro LED devices to a receiving substrate. In this 
manner, it is possible to integrate and assemble micro LED 
devices into heterogeneously integrated systems, including 
Substrates of any size ranging from micro displays to large 
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6 
area displays, and at high transfer rates. For example, a 1 cm 
by 1 cm array of micro device transfer heads can pick up and 
transfer more than 100,000 micro devices, with larger arrays 
of micro device transfer heads being capable of transferring 
more micro devices. 

In another aspect, embodiments of the invention describe a 
method and structure for receiving a micro device oran array 
of micro devices on a receiving Substrate. In an embodiment, 
a micro device or array of micro devices is transferred from a 
carrier Substrate to a receiving Substrate with a transfer head, 
or an array of transfer heads, which may be operated in 
accordance with electrostatic principles. Without being lim 
ited to a particular theory, embodiments of the invention 
utilize transfer heads and head arrays which operate in accor 
dance with principles of electrostatic grippers, using the 
attraction of opposite charges to pick up micro devices. In 
accordance with embodiments of the present invention, a 
pull-in Voltage is applied to a transfer head in order to gener 
ate a grip pressure on a micro device and pick up the micro 
device. In an embodiment, a grip pressure of greater than 1 
atmosphere is generated. For example, each transfer head 
may generate a grip pressure of 2 atmospheres or greater, or 
even 20 atmospheres or greater without shorting due to 
dielectric breakdown of the transfer heads. 

In one embodiment, placing the micro device or array of 
micro devices on the receiving Substrate is performed with a 
punch-through technique in which the micro devices are 
placed on the receiving Substrate by punching through a 
B-staged thermoset passivation layer. A final curing operation 
is then performed which may be associated with some 
amount of shrinking of the thermoset passivation layer that 
further retains the transferred array of micro devices on the 
receiving Substrate during Subsequent handling and process 
ing operations. The term B-staged is known in the art and 
refers to an intermediate stage in a thermosetting material in 
which the material initially softens when heated but may not 
entirely fuse or dissolve. A B-staged material will cure upon 
continued heating. The term A-staged is also known in the art 
and refers to an early stage in a thermosetting material in 
which the material is fusible and still soluble in certain liq 
uids. 

In one embodiment, placing the micro device or array of 
micro devices on the receiving Substrate is performed with a 
punch-through technique in which the micro devices are 
placed on the receiving Substrate by punching through a ther 
moplastic passivation layer heated above the glass transition 
temperature (Tg) of the thermoplastic during punch-through. 
In an embodiment, the thermoplastic passivation layer is 
heated above the Tg and below the melting temperature (Tm) 
of the thermoplastic during punch-through. Following punch 
through, the thermoplastic passivation layer is cooled, and 
may further retain the transferred array of micro devices on 
the receiving Substrate during Subsequent handling and pro 
cessing operations. 

Furthermore, where an active surface exists on a micro 
device, the passivation layer (thermoset orthermoplastic) can 
passivate the active Surface. For example, where the micro 
device is a micro LED device, a quantum well layer may be 
exposed or contained near side surfaces of the micro LED 
device. In this manner, the passivation layer may laterally 
Surround and insulate the quantum well layer as result of the 
punch-through operation. 

In another aspect, embodiments of the invention describe a 
manner of combing the performance, efficiency, and reliabil 
ity of wafer based electronics with the high yield, low cost, 
and mixed materials of thin film electronics to provide cost 
effect, energy efficient, high performance devices. In accor 
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dance with embodiments of the invention, micro arrays of 
semiconductor LED devices fabricated in accordance with 
wafer based processing can be transferred to existing and new 
thin film substrate technologies. Due to the small micro size 
and high efficiency of the micro LED devices significant 
power savings of 20 times or more can be realized compared 
to existing technologies. In an embodiment, a micro LED 
device is transferred to an active or passive matrix organic 
LED (OLED) backplane rather than forming a typical organic 
light emitting layer. In this manner, a finished display device 
can be fabricated that exhibits significant power savings, 
increased battery life, and reduced peak pixel current com 
pared to traditional OLED display technologies. 

FIG. 1A is a cross-sectional side view illustration of a 
receiving Substrate in accordance with an embodiment of the 
invention. As illustrated, a first conductive layer 102 is 
formed on a substrate 100. An electrode line 106 may also be 
optionally formed on substrate 100. Substrate 100 may be a 
variety of Substrates Such as, but not limited to, a display 
Substrate, a lighting Substrate, a Substrate with functional 
devices such as transistors or integrated circuits (ICs), or a 
substrate with metal redistribution lines. Depending upon the 
particular application, Substrate 100 may be opaque, trans 
parent, or semi-transparent to the visible wavelength (e.g. 
380-750 nm wavelength), and substrate 100 may be rigid or 
flexible. For example, substrate 100 may be formed of glass 
or a polymer such as polyethylene terephthalate (PET), poly 
ethelyne naphthalate (PEN), polycarbonate (PC), polyether 
Sulphone (PES), aromatic fluorine-containing polyarylates 
(PAR), polycyclic olefin (PCO), and polyimide (PI). Depend 
ing upon the particular application, either or both of conduc 
tive layer 102 and electrode line 106 may be opaque, trans 
parent, or semi-transparent to the visible wavelength. 
Exemplary transparent conductive materials include amor 
phous silicon, transparent conductive oxides (TCO) Such as 
indium-tin-oxide (ITO) and indium-zinc-oxide (IZO), carbon 
nanotube film, or a transparent conducting polymer Such as 
poly(3,4-ethylenedioxythiophene) (PEDOT), polyaniline, 
polyacetylene, polypyrrole, and polythiophene. In an 
embodiment conductive layer 102 is approximately 100 
nm.-200 nm thick ITO. In an embodiment, the conductive 
layer 102 includes nanoparticles Such as silver, gold, alumi 
num, molybdenum, titanium, tungsten, ITO, and IZO. The 
conductive layer 102 or electrode line 106 may also be reflec 
tive to the visible wavelength. In an embodiment, a conduc 
tive layer 102 or electrode line 106 comprises a reflective 
metallic film Such as aluminum, molybdenum, titanium, tita 
nium-tungsten, silver, or gold, or alloys thereof. 

In an embodiment, conductive layer 102 functions as an 
electrode or electrode line. In an embodiment, conductive 
layer 102 functions as an anode oranode line in the completed 
device, and electrode line 106 functions as a cathode line in 
the completed device. It is to be appreciated that conductive 
layer 102 are electrode line 106 are described as being related 
to the anode and cathode, respectively, in the following 
description, however, the application can be reversed in other 
embodiments with conductive layer 102 and electrode line 
106 being related to the cathode and anode, respectively. 
A bonding layer 104 may optionally be formed over the 

conductive layer 102 to facilitate bonding of the micro device 
as described in further detail below. In an embodiment, bond 
ing layer 104 includes a material Such as indium, gold, silver, 
molybdenum, tin, aluminum, silicon, or an alloy thereof and 
is approximately 0.1 um to 0.5 um thick. An electrode line 
106 may also be optionally formed on substrate 100. The 
electrode line 106 may be formed of the same or different 
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8 
material from conductive layer 102. In an embodiment, elec 
trode line 106 is a cathode line out the completed device. 

FIG. 1B is a cross-sectional side view illustration of a 
receiving Substrate in accordance with an embodiment of the 
invention. In the particular embodiment illustrated, the 
receiving substrate 100 may be an active matrix organic LED 
(AMOLED) backplane prior to the formation of the light 
emitting organic layer. For example, the AMOLED back 
plane can include a working circuitry 110. Such as a tradi 
tional 2T1C (two transistors, one capacitor) circuitry includ 
ing a Switching transistor, a driving transistor, and a storage 
capacitor. It is to be appreciated that the 2T1C circuitry is 
meant to be exemplary, and that other types of circuitry or 
modifications of the traditional 2T1C circuitry are contem 
plated in accordance with embodiments of the invention. For 
example, more complicated circuits can be used to compen 
sate for current distribution to the driver transistor and the 
micro device, or for their instabilities. A passivation layer 108 
may optionally be formed on the substrate 100 between the 
conductive layer 102 (e.g. anode) and electrode line out 106 
(e.g. cathode line out). Passivation layer 108 may be formed 
of a variety of materials such as, but not limited to, silicon 
oxide (SiO), silicon nitride (SiN.), poly(methyl methacry 
late) (PMMA), benzocyclobutene (BCB), polyimide, and 
polyester. 

It is to be appreciated that embodiments of the invention are 
compatible with a number of different substrates, and that the 
substrates described with regard to FIGS. 1A-1B are meant to 
be exemplary and not limiting. In interest of conciseness and 
to not obscure embodiments of the invention, the following 
description is made with reference to the embodiment of the 
Substrate illustrated in FIG. 1. 

FIG. 2 is a cross-sectional side view illustration of a pat 
terned passivation layer 112 on a receiving substrate 100 in 
accordance with an embodiment of the invention. In the par 
ticular embodiment illustrated, the patterned passivation 
layer 112 is patterned to expose the electrode line 106 (e.g. a 
cathode line out). 

In an embodiment, the patterned passivation layer 112 is a 
B-staged thermoset. The B-staged thermoset passivation 
layer 112 may be formed by directly applying the B-staged 
thermoset passivation layer, or by first applying an A-staged 
thermoset passivation layer on the receiving substrate 100 
and covering the conductive layer 102, and optionally elec 
trode line 106, followed by driving off the solvents and par 
tially curing the A-staged thermoset passivation layer to form 
the B-staged thermoset passivation layer. The A-staged or 
B-staged thermoset passivation layer may be formed by a 
variety of techniques including spin coating, Screen printing, 
inkjet printing, dispensing, and spray coating, and may be 
formed of a variety of materials including, but not limited to 
benzocyclobutene (BCB) and epoxy. The rheology of the 
B-staged thermoset layer can be controlled by the amount of 
cross-linking in the B-staged thermoset to allow for punch 
through of the micro device without excessive flow. An open 
ing exposing the electrode line 106 may beformed during the 
A-stage application or B-stage application, such as with a 
screen printing or inkjet printing application, or alternatively 
when B-staged, where the opening may be formed by laser 
scribing or lithography. In an embodiment, a B-staged ther 
moset passivation layer is formed on the receiving Substrate 
100 with vacuum lamination. 

In an embodiment, the patterned passivation layer 112 is a 
thermoplastic. The thermoplastic passivation layer 112 may 
be formed by a variety of techniques including spin coating, 
Screen printing, inkjet printing, dispensing, and spray coat 
ing, and may be formed of a variety of materials in which the 
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rheology of the thermoplastic between the Tg and Tm of the 
thermoplastic is sufficient to allow for punch-through of the 
micro device without excessive flow. An opening exposing 
the electrode line 106 may be formed during application of 
the patterned thermoplastic passivation layer, such as with a 
screen printing or inkjet printing application, or alternatively 
after application, where the opening may be formed by laser 
scribing or lithography. In an embodiment, a thermoplastic 
passivation layer is formed on the receiving substrate 100 
with vacuum lamination. 

FIGS. 3A-3C are cross-sectional side view illustrations of 
an array of transfer heads picking up an array of micro devices 
from a carrier Substrate in accordance with an embodiment of 
the invention. Referring to FIG.3A, an array of transfer heads 
302 supported by a transfer head substrate 300 are positioned 
over an array of micro devices 400 supported on a carrier 
substrate 200. A heater 306 and heat distribution plate 304 
may optionally be attached to the transfer head substrate 300. 
A heater 204 and heat distribution plate 202 may optionally 
be attached to the carrier substrate 200. The array of micro 
devices 400 are contacted with the array of transfer heads 302, 
as illustrated in FIG. 3B, and picked up from the carrier 
Substrate 200 as illustrated in FIG. 3C. 

In an embodiment, the array of micro devices 400 are 
picked up with an array of transfer heads 302 operating in 
accordance with electrostatic principles. In an embodiment, a 
bonding layer (illustrated in further detail in FIG.3A) may be 
formed between the array of micro devices 400 and the carrier 
substrate 200. In such an embodiment, heat may be applied to 
the bonding layer from either or both heaters 204,306 prior to 
or during pick up to create a phase change in the bonding 
layer. For example, the bonding layer may be heated above a 
liquidus temperature of the bonding layer to create a phase 
change from Solid to liquid state. In an embodiment, the 
bonding layer has a liquidus temperature of 350° C. or below, 
or more specifically 200° C. or below. 

FIG. 3D is a cross-sectional side view illustration of a 
transfer head 302 holding a micro LED device 400 over a 
receiving substrate 100 with a patterned passivation layer 112 
in accordance with an embodiment of the invention. In the 
embodiment illustrated, the transfer head 302 is supported by 
a transfer head substrate 300. As described above, a heater 
306 and heat distribution plate 304 may optionally be 
attached to the transfer head substrate to apply heat to the 
transfer head 302. Aheater 152 and heat distribution plate 150 
may also, or alternatively, optionally be used to transfer heat 
to the conductive layer 102 and optional bonding layer 104 on 
the receiving substrate 100 and/or optional bonding layer 410 
on a micro device 400 described below. 

Still referring to FIG. 3D, a close-up view of an exemplary 
micro LED device 400 is illustrated in accordance with an 
embodiment. It is to be appreciated, that the specific micro 
LED device 400 illustrated is exemplary and that embodi 
ments of the invention are not limited. For example, embodi 
ments of the invention may also be applicable to other micro 
LED devices such as, but not limited to, the micro LED 
devices in U.S. patent application Ser. No. 13/372,222, U.S. 
patent application Ser. No. 13/436,260, and U.S. patent appli 
cation Ser. No. 13/458,932, all of which are incorporated 
herein by reference. Embodiments of the invention may also 
be applicable to other micro devices including, but not limited 
to, other micro semiconductor devices which are designed in 
Such a way so as to perform in a controlled fashion a prede 
termined electronic function (e.g. diode, transistor, integrated 
circuit) or photonic function (LED, laser). 

In the particular embodiment illustrated, the micro LED 
device 400 includes a micro p-n diode 450 and a metallization 
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10 
stack 420. A bonding layer 410 may optionally be formed 
below the metallization stack 420, with the metallization 
stack 420 between the micro p-n diode 450 and the bonding 
layer 410. In an embodiment, the micro p-n diode 450 
includes a top n-doped layer 414, one or more quantum well 
layers 416, and a lower p-doped layer 418. The micro p-n 
diodes can be fabricated with straight sidewalls or tapered 
sidewalls. In certain embodiments, the micro p-n diodes 450 
possess outwardly tapered sidewalls 453 (from top to bot 
tom). In certain embodiments, the micro p-n diodes 450 pos 
sess inwardly tapered sidewall (from top to bottom). The 
metallization stack 420 may include one or more layers. For 
example, the metallization stack 420 may include an elec 
trode layer and a barrier layer between the electrode layer and 
the optional bonding layer. The metallization stack 420 may 
be transparent to the visible wavelength range (e.g. 380 
nim-750 nm) or opaque. The metallization stack 420 may 
optionally include a reflective layer, such as a silver layer. The 
micro p-n diode and metallization stack may each have a top 
Surface, a bottom surface and sidewalls. In an embodiment, 
the bottom surface 451 of the micro p-n diode 450 is wider 
than the top surface 452 of the micro p-n diode, and the 
sidewalls 453 are tapered outwardly from top to bottom. The 
top surface of the micro p-n diode 450 may be wider than the 
bottom Surface of the p-n diode, or approximately the same 
width. In an embodiment, the bottom surface 451 of the micro 
p-n diode 450 is wider than the top surface of the metalliza 
tion stack 420. The bottom surface of the micro p-n diode may 
also be approximately the same width as the top surface of the 
metallization stack. 
A conformal dielectric barrier layer 460 may optionally be 

formed over the micro p-n diode 450 and other exposed 
surfaces. The conformal dielectric barrier layer 460 may be 
thinner than the micro p-n diode 450, metallization stack 420 
and the optional bonding layer 410 so that the conformal 
dielectric barrier layer 260 forms an outline of the topography 
it is formed on. In an embodiment, the micro p-n diode 450 is 
several microns thick, Such as 3 um or 5um, the metallization 
stack 420 is 0.1 um-2um thick, and the optional bonding layer 
410 is 0.1 um-1 um thick. In an embodiment, the conformal 
dielectric barrier layer 460 is approximately 50-600 ang 
stroms thick aluminum oxide (Al2O). The conformal dielec 
tric barrier layer 460 may protect against charge arcing 
between adjacent micro p-n diodes during the pick up pro 
cess, and thereby protect against adjacent micro p-n diodes 
from Sticking together during the pick up process. The con 
formal dielectric barrier layer 460 may also protect the side 
walls 453, quantum well layer 416 and bottom surface 451, of 
the micro p-n diodes from contamination which could affect 
the integrity of the micro p-n diodes. For example, the con 
formal dielectric barrier layer 460 can function as a physical 
barrier to wicking of the bonding layer material 410 up the 
sidewalls and quantum layer 416 of the micro p-n diodes 450. 
The conformal dielectric barrier layer 260 may also insulate 
the micro p-n diodes 450 once placed on the receiving sub 
strate. In an embodiment, the conformal dielectric barrier 
layer 460 span sidewalls 453 of the micro p-n diode, and may 
cover the quantum well layer 416 in the micro p-n diode. The 
conformal dielectric barrier layer may also partially span the 
bottom surface 451 of the micro p-n diode, as well as span 
sidewalls of the metallization stack 420. In some embodi 
ments, the conformal dielectric barrier layer also spans side 
walls of a patterned bonding layer 410. A contact opening 
may be formed in the conformal dielectric barrier layer 460 
exposing the top surface 452 of the micro p-n diode. The 
contact opening 462 may have a smaller width than the top 
surface 452 of the micro p-n diode and the conformal dielec 
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tric barrier layer 460 forms a lip around the edges of the top 
surface 452 of the micro p-n diode. Alternatively the contact 
opening 462 may have a slightly larger width than the top 
Surface of the micro p-n diode or approximately the same 
width as the top surface of the micro p-n diode. In an embodi 
ment, a conformal dielectric barrier layer 260 is not present, 
and the passivation layer 112 is used to insulate the microp-n 
diodes 450 once placed on the receiving substrate. 

FIG. 3E is a cross-sectional side view illustration of an 
array of transfer heads holding an array micro LED devices 
400 over a receiving substrate with a patterned passivation 
layer 112 in accordance with an embodiment of the invention. 
FIG. 3E is substantially similar to the structure illustrated in 
FIG. 3D with the primary difference being the illustration of 
the transfer of an array of micro devices as opposed to a single 
micro device within the array of micro devices. 

FIG. 4A is a cross-sectional side view illustration of a 
micro LED device punched through a passivation layer on a 
receiving Substrate in accordance with an embodiment of the 
invention. Punch-through may be accomplished by physi 
cally driving the micro LED device 400 through the passiva 
tion layer 112 with the transfer head 302 until contacting the 
conductive layer 102 or optional bonding layer 104 on the 
receiving substrate 100. As illustrated, the micro LED device 
400 may be punched-through the passivation layer 112 so that 
passivation layer 112 laterally surrounds the quantum well 
layer 416. The passivation layer 112 may also be thinner than 
the height of the micro LED device 400 so that electrical 
contact can be made with the top surface 452 of the micro 
LED device. 

Punch-through may also be aided by the application of heat 
through the transfer head 302 or receiving substrate 100. In an 
embodiment where the passivation layer 112 is a UV curable 
or thermally curable B-staged thermoset, the application of 
heat can melt or soften the B-staged thermoset passivation 
layer 112 to aid in the punch-through. Thus, the amount of 
applied pressure, heat, and amount of cross-linking in the 
B-staged thermoset can be controlled to achieve punch 
though. Application of UV energy after punch-through can 
then be used to cure the thermoset passivation layer 112 
where the thermoset passivation layer 112 is UV curable. In 
an embodiment where the passivation layer 122 is a thermally 
curable B-staged thermoset, continued application of heat 
after punch-through can then be used to cure the thermoset 
passivation layer 112. In an embodiment, where the passiva 
tion layer 112 is a thermoplastic material the thermoplastic 
passivation layer 112 is heated above the Tg, and more spe 
cifically, above the Tg and below the Tm of the thermoplastic 
material during punch-through. Thus, the amount of pressure 
and heat applied to the thermoplastic material can be con 
trolled to achieve punch-though. 

In certain embodiments, the application of heat during 
punch-through can also result in reflowing of one or both of 
the optional bonding layers 410, 104 or diffusion between 
layers to assist with bonding. In addition, reflowing of any of 
the bonding layers 410, 104 can result in forming a new 
bonding layer with a higher melting temperature. In one 
embodiment, the application of heat not only aids with punch 
through of layer 112, the application of heat also causes at 
least partial reflow and solidification of the bonding layers(s) 
410, 104. For example, the application of heat can lead to the 
formation of an alloy having a higher Tm than that of the 
reflowed or diffused layer(s). 

In an embodiment, the punch-through and release of the 
micro devices on the receiving Substrate is performed in ten 
seconds or less, or more particularly one second or less. 
Where heat is applied, it is possible to rapidly reflow either of 
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the optional bonding layer(s) 410, 104 to assist in bonding 
and to soften or initially melt the passivation layer 112, which 
can be a thermal or UV curable B-staged thermoset, or a 
thermoplastic. Following the release of the array of micro 
devices from the array of transfer heads, the passivation layer 
112 is hardened to secure the array of micro devices on the 
receiving substrate. Where the passivation layer 112 is a 
thermoplastic, hardening is effected by allowing the thermo 
plastic material to cool. Where the passivation layer 112 is a 
B-staged thermoset, the passivation layer can be final cured 
through the application of UV energy or heat for an order of 
minutes or hours to effect curing. In an embodiment, heat can 
be applied from below the receiving substrate 100 with heater 
152 and/or heat distribution plate 150. Heat can also be 
applied from above the receiving substrate 100. UV energy 
can also be applied from above or below the receiving sub 
strate. In an embodiment, the receiving Substrate is trans 
ferred to a curing chamber to effect curing following the 
release of the array of micro devices. 

FIG. 4B is a cross-sectional side view illustration of an 
array of micro LED devices punched through a passivation 
layer on a receiving Substrate in accordance with an embodi 
ment of the invention. FIG. 4B is substantially similar to the 
structure illustrated in FIG. 4A with the primary difference 
being the illustration of the transfer of an array of micro 
devices as opposed to a single micro device within the array of 
micro devices. 

Referring now to FIG. 5, following hardening of the 
punched-through passivation layer 112 a second conductive 
layer 114 and optional barrier layer 116 may be formed over 
the micro LED device 400 and receiving substrate 100 in 
accordance with an embodiment of the invention. In an 
embodiment, the second conductive layer 114 is a transparent 
material Such as amorphous silicon, transparent conductive 
oxides (TCO) such as indium-tin-oxide (ITO) and indium 
Zinc-oxide (IZO), carbon nanotube film, or a transparent con 
ducting polymer Such as poly(3,4-ethylenedioxythiophene) 
(PEDOT), polyaniline, polyacetylene, polypyrrole, and poly 
thiophene. In an embodiment, the second conductive layer 
114 includes nanoparticles such as silver, gold, aluminum, 
molybdenum, titanium, tungsten, ITO, and indium-zinc-OX 
ide (IZO). The second conductive layer 114 may also be 
reflective to the visible wavelength. In an embodiment, a 
reflective conductive layer 114 comprises a metallic film such 
as aluminum, molybdenum, titanium, titanium-tungsten, sil 
ver, or gold, or alloys thereof. In an embodiment, an optional 
barrier layer 116 is formed over the second conductive layer 
114. For example, the optional barrier layer 116 can act as a 
barrier to oxygen or moisture absorption by any underlying 
layers during Subsequent processing. In an embodiment, bar 
rier layer 116 is formed from an inorganic material (e.g. 
SiO, N, SiN. Al-Os, etc.) for oxygen and moisture protec 
tion. Barrier layer 116 may also be transparent or opaque to 
the visible wavelength, and may be rigid or flexible. In an 
embodiment, the barrier layer 116 is Al-O, and may be 
deposited by a variety of methods including atomic layer 
deposition (ALD). 

Referring now to FIG. 6 and FIG. 7, alternative embodi 
ments are illustrated for forming an electrode line 118 (e.g. a 
cathode line out) where one is not already formed. Similar to 
electrode line 106, the electrode line 118 may function may 
be associated with an anode or cathode. In an embodiment, 
electrode line 118 is a cathode line out. Electrode line 118 
may be formed of any of the materials already described with 
regard to layers 102, 106, and 114. FIG. 6 is an illustration of 
an embodiment in which an electrode line 118 is formed on 
conductive layer 114 directly over the micro LED device 400. 
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In another embodiment electrode line 118 is formed directly 
on the micro LED device 400. FIG. 7 is an illustration of an 
embodiment in which electrode line 118 is formed on a trace 
portion of second conductive layer 114. In both embodi 
ments, an opening may beformed in the optional barrier layer 
116, if present, in order to expose the second conductive layer 
114 prior to formation of the electrode line 118. 

FIG. 8 is a cross-sectional side view illustration of cover 
layer 120 formed over the exemplary structure of FIG. 5 in 
accordance with an embodiment. In the particular embodi 
ment illustrated the cover layer 120 is conformal to the topog 
raphy of the micro LED device 400 and overall structure over 
substrate 100. Cover layer 120 may function to provide both 
chemical passivation and physical protection to the underly 
ing structure. Cover layer 120 may also be flexible, and may 
be transparent. Cover layer 120 may be formed of a variety of 
materials such as, but not limited to, silicon oxide (SiO2), 
silicon nitride (SiN), poly(methyl methacrylate) (PMMA), 
benzocyclobutene (BCB), polyimide, and polyester. 
As described up to this point, the layers on which the micro 

LED device 400 are supported and covered by can be trans 
parent or opaque to the visible wavelength. Accordingly, the 
structure illustrated in FIG. 8 can emit light through either the 
top cover 120, through the bottom substrate 100, or both 
depending on the selection of materials and type of Substrate. 

FIG.9 is a cross-sectional side view illustration an embodi 
ment in which a reflective layer 122 is formed over the micro 
LED device 400 prior to formation of the top cover 120 to 
produce a bottom emitting structure. For example, reflective 
layer 122 can be evaporated or sputtered metallic material 
Such as aluminum. In this manner, light emitting upward from 
the micro LED device 400 is reflected back through the bot 
tom substrate 100. In such an embodiment, the metallic stack 
420 and/or optional bonding layers 410/104 may be substan 
tially transparent to the visible wavelength. Transparency can 
be controlled by the selection of materials and/or thickness of 
the layers. 

FIG. 10 is a cross-sectional side view illustration of an 
embodiment in which a black matrix layer 124 is formed 
around a micro LED device prior to formation of the top cover 
120 in order to block light emission, and to separate light 
emission from the micro LED device 400 from one or more 
adjacent micro LED devices 400. In such an embodiment, the 
structure illustrated in FIG. 10 can emit light through either 
the top cover 120, through the bottom substrate 100, or both 
depending on the selection of materials and type of Substrate. 
Black matrix 124 can be formed form a method that is appro 
priate based upon the material used. For example, black 
matrix 124 can be applied using inkjet printing, sputter and 
etching, spin coating with lift-off, or a printing method. 
Exemplary black matrix materials include carbon, metal films 
(e.g. nickel, aluminum, molybdenum, and alloys thereof), 
metal oxide films (e.g. chromium oxide), and metal nitride 
films (e.g. chromium nitride), organic resins, glass pastes, and 
resins or pastes including a black pigment or silver particles. 

While cover 120 has been described as being conformal to 
the topography of the underlying structure, a separate cover 
plate can also be secured to the structure in combination with 
cover 120, or in the alternative to cover 120 in accordance 
with embodiments of the invention. FIGS. 11-12 are cross 
sectional side view illustrations of attaching a cover plate 126 
over a micro LED device 400 on a receiving substrate 100 in 
accordance with an embodiment of the invention. As illus 
trated, cover plate 126 can be attached to the substrate 100 
with an adhesive 128 and may surround a plurality of pixels 
on the substrate 100. For example, adhesive 128 can be, but is 
not limited to, a frit glass seal or epoxy formed along the edge 
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14 
of the cover with a dispenser or screenprinting. Cover 126 can 
be provided in place of or in combination with cover 120. In 
an embodiment, cover plate 126 is transparent glass or plastic. 

FIGS. 13-14A are cross-sectional side view illustrations of 
attaching a cover plate 126 over a micro LED device 400 on 
a receiving substrate 100 in accordance with an embodiment 
of the invention. FIGS. 13-14A are similar to FIGS. 11-12 
with one difference being that a black matrix 124 is attached 
to the cover plate 126 prior to attaching the cover plate 126 to 
the substrate 100. FIG. 14B is a cross-sectional side view 
illustration of a cover plate 126 and black matrix 124 over an 
array of micro LED devices 400 on a receiving substrate in 
accordance with an embodiment of the invention. As illus 
trated, cover plate 126 is attached to the substrate 100 with an 
adhesive 128 surrounding a plurality of pixels on the sub 
strate. In the embodiment illustrated, the black matrix 124 is 
patterned on the cover plate 126 and includes a plurality of 
openings corresponding to locations directly above the loca 
tions of the micro LED devices 400 on substrate 100. 

FIGS. 15-17 are schematic illustrations of passive matrix 
display layouts in accordance with embodiments of the inven 
tion. As illustrated, a pixel can include an array of Subpixels. 
In the particular embodiments illustrated, each pixel com 
prises three subpixels, one with a red emitting LED device 
400R, one with a blue emitting LED device 400B, and one 
with a green emitting LED device 400G. For example, a red 
emitting LED device 400R (e.g. 620-750 nm wavelength) can 
include a micro p-n diode layer formed of a semiconductor 
material Such as aluminum gallium arsenide (AlGaAs), gal 
lium arsenide phosphide (GaAsP), aluminum gallium indium 
phosphide (AlGalnP), and gallium phosphide (GaP). For 
example, a green emitting LED device 400G (e.g. 495-570 
nm wavelength) can include a micro p-n diode layer formed 
of a semiconductor material Such as indium gallium nitride 
(InGaN), gallium nitride (GaN), gallium phosphide (GaP), 
aluminum gallium indium phosphide (A1GanP), and alumi 
num gallium phosphide (AlGaP). For example, a blue emit 
ting LED device 400B (e.g. 450-495 nm wavelength) can 
include a micro p-n diode layer formed of a semiconductor 
material Such as gallium nitride (GaN), indium gallium 
nitride (InGaN), and zinc selenide (ZnSe). 

While the following pixel and subpixel arrangements are 
described with regard to a red-green-blue (RGB) subpixel 
arrangement, it is to be appreciated that the RGBarrangement 
is exemplary and that embodiments are not so limited. Other 
Subpixel arrangements such as BGR or red-green-blue-yel 
low (RGBY), red-green-blue-yellow-cyan (RGBYC) can be 
utilized, as well Subpixel rendering configurations in accor 
dance with embodiments of the invention. 

Referring now to FIG. 15, in the embodiment illustrated the 
LED devices 400R, 400G, 400B are placed on the first con 
ductive layer 102 (e.g. anode line out). The LED devices are 
connected to the electrode line 106, 118 (e.g. cathode line out) 
by second conductive layer 114, for example as described 
above with regard to FIG.5 or FIG. 7. Referring to FIG. 16, in 
the embodiment illustrated the LED devices 400R, 400G, 
400B are placed on an electrode trace 103 connected with the 
first conductive layer 102. Similar to FIG. 15, the LED 
devices are connected to the electrode line 106, 118 by second 
conductive layer 114, for example as described above with 
regard to FIG. 5 or FIG. 7. Referring to FIG. 17, in the 
embodiment illustrated, the LED devices 400R, 400G, 400B 
are placed on the first conductive layer 102, and the electrode 
line 118 is formed over the LED devices, for example as 
described above with regard to FIG. 6. 
A circuit diagram of a passive matrix display 1800 for any 

of the arrangements in FIGS. 15-17 is illustrated in FIG. 18 in 
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accordance with an embodiment of the invention. As illus 
trated, the anode lines out 102 are oriented horizontally, the 
cathode lines out 106, 118 are oriented vertically, and the 
LED devices are placed between the lines. The cathode lines 
out 106, 118 function as data lines, and are driven by one or 
more data drivers. The anode lines out 102 function as scan 
lines, and are driven by one or more scan drivers. 

FIG. 19 is a schematic illustration of a subpixel in an active 
matrix display in accordance with embodiments of the inven 
tion. More particularly, FIG. 19 illustrates an embodiment of 
a micro LED device 400 placed in an aperture 160 over the 
anode 102 (e.g. ITO layer) of an AMOLED backplane sub 
pixel including working circuitry Such as a traditional 2T1C 
(two transistors, one capacitor) circuitry including a Switch 
ing transistorT1, a driving transistorT2, and a storage capaci 
tor Cs. It is to be appreciated that the 2T1C circuitry is meant 
to be exemplary, and that other types of circuitry or modifi 
cations of the traditional 2T1C circuitry are contemplated in 
accordance with embodiments of the invention. 
As illustrated, the micro LED device 400 may occupy less 

than the available space of the aperture 160 depending upon 
application. Table 1 below includes calculations of diagonal 
pixel size based upon pixel density, along with minimum 
subpixel size estimation with an RGB pixel layout in accor 
dance with embodiments of the invention. In these examples, 
minimum Subpixel size is approximated as being one third of 
the diagonal pixel size. It is to be appreciated that this number 
represents a minimum estimation, and is dependent upon the 
Subpixel arrangement and landscape of the working circuitry. 

TABLE 1. 

Pixel Density 
(per inch) Diagonal Pixel Size (Lm) Minimum Subpixel Size (Lm) 

500 51 17 
300 85 28 
200 127 42 
100 254 85 

Where a display has a pixel density of 100 pixels per 
diagonal inch (e.g. a computer monitor), this corresponds to a 
diagonal pixel size of 254 microns. Withan RGB pixel layout, 
a subpixel illustrated in FIG. 19 is estimated to have a diago 
nal size of at least 85 microns. Where the display has a pixel 
density of 300 pixels per diagonal inch (e.g. a mobile phone, 
tablet) this corresponds to a diagonal pixel size of 85 microns. 
With an RGB pixel layout, a subpixel illustrated in FIG. 19 is 
estimated to have a diagonal size of at least 28 microns. Thus, 
as shown in Table 1 displays including Substrates receiving 
micro LED devices in accordance with embodiments of the 
invention may be scalable downto pixel densities greater than 
the maximum resolution of a perfect human eye, which is 
estimated as being somewhere between 300 and 500 pixels 
per inch. 

FIG. 20 is a circuit diagram of a subpixel with 2T1C 
circuitry in an active matrix display in accordance with an 
embodiment of the invention. In such an embodiment, the 
circuit includes a Switching transistor T1, a driving transistor 
T2, a storage capacitor Cs and a micro LED device 400. The 
transistors T1, T2 can be any type of transistor Such as a thin 
film transistor. For example, the Switching transistor T1 can 
be a n-type metal-oxide semiconductor (NMOS) transistor, 
and the driving transistor T2 can be a p-type metal-oxide 
semiconductor (PMOS) transistor. The switching transistor 
T1 has a gate electrode connected to a scan line V and a 
first Source? drain electrode connected to a data line V. The 
driving transistor T2 has a gate electrode connected to a 
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16 
second source/drain electrode of the switching transistor T1 
and a first source/drain electrode connected to a power Source 
V. The storage capacitor Cs is connected between the gate 
electrode of the driving transistor T2 and the first source/drain 
electrode of the driving transistor T2. The micro LED device 
400 has an anode electrode connected to a second source? 
drain electrode of the driving transistor T2 and a cathode 
electrode connected to a ground V. 

In operation, a Voltage level scan signal turns on the Switch 
ing transistor T1, which enables the data signal to charge the 
storage capacitor Cs. The Voltage potential that stores within 
the storage capacitor Cs determines the magnitude of the 
current flowing through the driving transistor T2, so that the 
micro LED device 400 can emit light based on the current. It 
is to be appreciated that the 2T1C circuitry is meant to be 
exemplary, and that other types of circuitry or modifications 
of the traditional 2T1C circuitry are contemplated in accor 
dance with embodiments of the invention. For example, more 
complicated circuits can be used to compensate for current 
distribution to the driver transistorand the micro device, or for 
their instabilities. 

FIG. 21 is a circuit diagram of a pixel in an active matrix 
display 2100 in accordance with an embodiment of the inven 
tion. As illustrated, the Scanlines V are oriented horizon 
tally and a driven by one or more scan drivers, and data lines 
V, are oriented vertically and are driven by one or more 
data drivers. The red, green, and blue light emitting micro 
LED devices are placed between the scan lines and data lines. 

FIG. 22 illustrates a display system 2200 in accordance 
with an embodiment. The display system houses a processor 
2210, data receiver 2220, a display 2230, and one or more 
display driver ICs 2240, which may be scan driver ICs and 
data driver ICs. The data receiver 2220 may be configured to 
receive data wirelessly or wired. Wireless may be imple 
mented in any of a number of wireless standards or protocols 
including, but not limited to, Wi-Fi (IEEE 802.11 family), 
WiMAX (IEEE 802.16 family), IEEE 802.20, long term evo 
lution (LTE), Ev-DO, HSPA+, HSDPA+, HSUPA+, EDGE, 
GSM, GPRS, CDMA, TDMA, DECT, Bluetooth, derivatives 
thereof, as well as any other wireless protocols that are des 
ignated as 3G, 4G, 5G, and beyond. The one or more display 
driver ICs 2240 may be physically and electrically coupled to 
the display 2230. 

In some embodiments, the display 2230 includes one or 
more micro LED devices 400 that are formed in accordance 
with embodiments of the invention described above. For 
example, the display 2230 may include pixels or subpixels in 
which a micro LED device 400 is received by passivation 
layer 112 laterally surrounding the quantum well layer of the 
micro LED device. 
Depending on its applications, the display system 2200 

may include other components. These other components 
include, but are not limited to, memory, a touch-screen con 
troller, and a battery. In various implementations, the display 
system 2200 may be a television, tablet, phone, laptop, com 
puter monitor, kiosk, digital camera, handheld game console, 
media display, ebook display, or large area signage display. 

In utilizing the various aspects of this invention, it would 
become apparent to one skilled in the art that combinations or 
variations of the above embodiments are possible for receiv 
ing a micro device. Although the present invention has been 
described in language specific to structural features and/or 
methodological acts, it is to be understood that the invention 
defined in the appended claims is not necessarily limited to 
the specific features or acts described. The specific features 
and acts disclosed are instead to be understood as particularly 
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graceful implementations of the claimed invention useful for 
illustrating the present invention. 
What is claimed is: 
1. A structure comprising: 
a Substrate; 5 
a conductive layer on the Substrate; 
a micro light emitting diode (LED) device on the conduc 

tive layer, wherein the micro LED device comprises: 
a micro p-n diode including sidewalls and a to Surface; 
a metallization stack between the micro p-n diode and 

the conductive layer, and 
a quantum well layer within the micro p-n diode; 

a passivation layer comprising a thermoset or thermoplas 
tic material laterally Surrounding the quantum well layer 
of the micro LED device; and 

a second conductive layer spanning directly over the micro 
LED device and the passivation layer, and in electrical 
contact with the micro LED device; 

wherein a top surface of the passivation layer adjacent 
sidewalls of the micro p-n diode is below the top surface 
of the micro p-n diode. 

2. The structure of claim 1, further comprising a barrier 
layer on the second conductive layer. 

3. The structure of claim 1, further comprising a cover 
above the micro LED device. 

4. The structure of claim3, wherein the cover is conformal 
to a topography of the micro LED device. 

5. The structure of claim 3, further comprising a black 
matrix material around the micro LED device and underneath 
the cover. 

6. The structure of claim 1, wherein the passivation layer is 
transparent in the visible wavelength range. 

7. The structure of claim 6, wherein the passivation layer 
comprises benzocyclobutene (BCB). 

8. The structure of claim 6, wherein the passivation layer 
comprises epoxy. 

9. The structure of claim 1, wherein the second conductive 
layer comprises poly(3,4-ethylenedioxythiophene) (PE 
DOT). 

10. The structure of claim 1, further comprising a bonding 
layer between the metallization stack and the conductive 
layer. 

11. The structure of claim 10, wherein the bonding layer 
includes a material selected from the group consisting of 
indium, gold, silver, molybdenum, tin, aluminum, and sili- 45 
CO. 

12. The structure of claim 1, wherein the substrate is a 
lighting Substrate. 

13. The structure of claim 1, wherein the substrate is a 
display Substrate. 

14. The structure of claim 13, wherein the micro LED 
device is integrated into a pixel of the display Substrate. 

15. The structure of claim 14, wherein the micro LED 
device is integrated into a subpixel of the pixel, wherein one 
of the conductive layer and the second conductive layer is an 55 
anode, and the other of the conductive layer and the second 
conductive layer is a cathode. 
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16. The structure of claim 15, wherein the second conduc 

tive layer is transparent. 
17. The structure of claim 16, wherein the second conduc 

tive layer comprises a material selected from the group con 
sisting of indium-tin-oxide (ITO), indium-zinc-oxide (IZO), 
and poly(3,4-ethylenedioxythiophene) (PEDOT). 

18. The structure of claim 16, wherein the second conduc 
tive layer comprises nanoparticles selected from the group 
consisting of silver, gold, ITO, and indium-zinc-oxide (IZO). 

19. The structure of claim 16, wherein the second conduc 
tive layer is reflective to the visible wavelength range. 

20. The structure of claim 16, wherein the micro LED 
device is integrated into an active matrix pixel display. 

21. The active matrix display of claim 20, wherein the 
Subpixel comprises a Switching transistor, a driving transistor, 
and a storage capacitor. 

22. The active matrix display of claim 20, wherein each of 
the Switching transistor and the driving transistor are a thin 
film transistor. 

23. The structure of claim 16, wherein the micro LED 
device is integrated into a passive matrix pixel display. 

24. The structure of claim 15, further comprising a cover 
above the subpixel. 

25. The structure of claim 24, further comprising a black 
matrix material around the micro LED device in the subpixel 
and underneath the cover. 

26. The structure of claim 15, wherein the subpixel emits a 
primarily blue light. 

27. The structure of claim 26, wherein the pixel further 
comprises a second subpixel that emits a primarily red light, 
and a third Subpixel that emits a primarily green light. 

28. The structure of claim 27, wherein the subpixel that 
emits primarily blue light comprises a micro LED device with 
a micro p-n diode comprising a semiconductor material 
selected from the group consisting of gallium nitride (GaN), 
indium gallium nitride (InGaN), and zinc selenide (ZnSe). 

29. The structure of claim 28, wherein the subpixel that 
emits primarily green light comprises a micro LED device 
with a micro p-n diode comprising a semiconductor material 
selected from the group consisting of indium gallium nitride 
(InGaN), gallium nitride (GaN), gallium phosphide (GaP), 
aluminum gallium indium phosphide (A1GanP), and alumi 
num gallium phosphide (AlGaP). 

30. The structure of claim 28, wherein the subpixel that 
emits primarily red light comprises a micro LED device with 
a micro p-n diode comprising a semiconductor material 
selected from the group consisting of aluminum gallium ars 
enide (AlGaAs), gallium arsenide phosphide (GaAsP), alu 
minum gallium indium phosphide (A1GanP), and gallium 
phosphide (Gap). 

31. The structure of claim 1, further comprising a layer that 
is reflective to the visible wavelength range over the micro 
LED device. 


